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57 ABSTRACT 
An immunoassay of the type which utilizes the hemoly 
sis of microcapsules such as red blood cells. Microcap 
sules which can be lysed by complement activity, which 
contain an optically determinable substance, on whose 
surfaces an antibody to be quantified is bound are pre 
pared. The microcapsules, a test sample containing the 
antigen or the antibody to be quantified, and comple 
ment are mixed to react each other. Thereafter, an opti 
cal measurement is conducted at different wavelengths 
for the reaction mixture which is still suspending the 
intact microcapsules. 

6 Claims, 5 Drawing Figures 
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IMMUNOASSAYS INVOLVING COMPLEMENT 
LYSING OF CHROMOPHORE CONTAINING 

MCROCAPSULES 

BACKGROUND OF THE INVENTION 
I. Field of the Invention 
This invention relates to an immunoassay, and more 

particularly, this invention relates to an immunoassay of 
the type which utilizes the lysation of microcapsules 10 
such as red blood cells by complement activated by an 
antigen-antibody complex. 

II. Description of the Prior Art 
As a conventional immunoassay, radioimmunoassay 

(RIA) is known in which a specific antigen (or anti 
body) in a test sample is quantified utilizing the immu 
nological reaction between antibody (or antigen) 
marked with radioisotope and the antigen (or antibody) 
in the test sample. However, since the radioisotope has 
to be determined, the equipment used for RIA is com 
plicated and expensive. Further, several hours to sev 
eral tens of hours are required for the accurate determi 
nation in RIA. 
Enzyme immunoassay is also widely known as a con 

ventional immunoassay. In this method, an antigen-anti 
body complex is obtained by the antigen-antibody reac 
tion between antibody (or antigen) marked with an 
enzyme and antigen (or antibody) in a test sample. 
Thereafter, a specific antigen (or antibody) in the sam 
ple is determined utilizing the enzyme reaction of the 
marker enzyme. However, this method also requires 
several hours to several tens of hours for the accurate 
quantification of the antigen (or antibody). 
As a method of quantifying complement in a serum, 

so called 50% hemolysis method (CH50) developed by 
Meyer is known. In this method, sheep red blood cells 
sensitized with an optimum amount of hemolysin (anti 
sheep red blood cell antibody) are reacted with a serum 
to be tested at 37 C. for 60 minutes. In doing this, the 
sensitized sheep red blood cells are lysed by the action 
of complement in the test serum, so that the comple 
ment can be quantified by determining the degree of 
hemolysis. However, the hemolytic reaction can only 
be halted by cooling the reaction mixture in an ice bath. 
Further, in this method, the degree of hemolysis is de 
termined by centrifuging the reaction mixture and mea 
suring the absorbance at 54.1 nm of the supernatant 
obtained by the centrifugation. Thus, the procedure is 
time-consuming and further the test results are not al 
ways accurate. 

SUMMARY OF THE INVENTION 
Accordingly, the object of the present invention is to 

provide an immunoassay by which antigen or antibody 
can be quantified accurately in a very short time. 

In the immunoassay of the present invention, micro 
capsules which can be lysed by complement activity, 
which contain an optically determinable substance, on 
whose surfaces an antibody or an antigen specific to an 
antigen or an antibody to be quantified is bound are 
provided. The microcapsules are mixed with a test sam 
ple containing the antigen or antibody to be quantified 
and with complement. By so doing, an antigen-antibody 
complex. is formed between the antibody or antigen 
bound on the surfaces of the microcapsules and the 
corresponding antigen or antibody in the test sample. 
The complement is activated by the antigen-antibody 
complex, so that at least some of the microcapsules are 
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2 
lysed by the complement activity. As a result, the opti 
cally determinable substance contained in the microcap 
sules is released from the microcapsules to the reaction 
mixture. Thereafter an optical measurement is con 
ducted at different wavelengths for the reaction mixture 
which is still suspending the intact or unlysed microcap 
sules. The amount of the antigen or antibody in the 
sample can be known from the difference of the values 
obtained by the optical measurement. 

Since centrifugation of the resultant reaction mixture 
is not necessary for the optical measurement, the proce 
dure of the immunoassay of the present invention is 
very simple. Further, accurate assay can be accom 
plished. 
BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows the relationship between the wave 
length and the absorbance of red blood cell suspensions 
with varying hemolysis rate; 

FIG. 2 shows the relationship between the hemolysis 
rate and the difference between the absorbance at 415 
nm and at 500 nm; 
FIG. 3 shows the relationship between the reaction 

time and the difference between the absorbance at 415 
nm and at 500 nm; 
FIG. 4 shows the relationship between the dilution of 

complement and the rate of change of the difference 
between the absorbance at 415 nm and at 500 nm; and 
FIG. 5 shows a calibration curve obtained according 

to the immunoassay of the present invention. 
DETALED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

In the immunoassay of the present invention, micro 
capsules which can be lysed by complement activity are 
used. Preferred examples of the microcapsules include 
red blood cells (RBC) of animals and artificial micro 
capsules such as liposomes. Among these, sheep red 
blood cells are especially preferred since various kinds 
of antibodies (or antigens) can be bound on the surfaces 
thereof. 
On the outer surfaces of the microcapsules, an anti 

body (or an antigen) specific to the antigen (or anti 
body) to be quantified is bound. The antigen (or anti 
body) to be quantified may be arbitrarily selected. Ex 
amples of such antigen (or antibody) to be quantified 
include a-fetoprotein (o-FP) contained in a blood sam 
ple from a patient suffering from cancer, Hepatitis B 
surface antigen contained in blood from a patient suffer 
ing from Hepatitis B, and antiepileptic for treatment of 
epilepsy. The antibody (or antigen) bound on the sur 
faces of the microcapsules must be able to specifically 
complex with the corresponding antigen (or antibody) 
to be quantified. For example, when a-FP is to be quan 
tified, anti-a-FP antibody must be coupled to the sur 
faces of the microcapsules. 
The microcapsules contain therein an optically deter 

minable substance. The term "optically determinable 
substance” means the substance which can be quantified 
by measuring the absorbance, fluorescence or lumines 
cence of a composition containing the substance. Exam 
ples of the optically determinable substance include 
proteins such as hemoglobin and albumin, polynucleo 
tide, fluorescent substances such as fluorescein isothio 
cyanate and carboxy fluorescein, and luminous sub 
stances such as luminol. If RBC are employed as the 
microcapsules, the hemoglobin inherently included in 
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the RBC can be conveniently used as the optically de 
terminable substance. 
The optically determinable substance can be one 

which can be "indirectly' determined. Thus, an enzyme 
or a substrate, which produces a readily optically deter 
minable product upon reaction with the corresponding 
substrate or enzyme, can be used as the optically deter 
minable substance. For example, alkaline phosphatase, 
which deesterifies p-nitro-phenyl phosphate to produce 
colored p-nitrophenol, can be contained in the micro 
capsules. Further, peroxidase, which reacts with hydro 
gen peroxide in the presence of 4-aminoantipyrine to 
produce a quinone pigment, can also be used as the 
optically determinable substance. Instead of encapsulat 
ing an enzyme in the microcapsules, a substrate which is 
catalyzed by an enzyme to produce a colored, fluores 
cent, or luminous product can also be encapsulated in 
the microcapsules. Encapsulating a substrate in the 
microcapsules is preferred to encapsulating an enzyme 
since an enzyme may possibly be denatured in the mi 
crocapsules when the microcapsules are stored for a 
long time. If the microcapsules contain an enzyme, the 
enzyme may preferably be contained in excess with 
respect to the antigen (or antibody) to be quantified. 
More specifically, the amount of the enzyme may be 
such that an enzyme activity of the enzyme per 1 ng to 
1 g of the antigen (or antibody) to be quantified is 
preferably 100 U/ml or more, and more preferably 500 
to 1,000 U/ml. When enzyme is contained in such a 
large amount, immunoassay can be performed within an 
extremely short period of time. For example, immuno 
assay which conventionally takes several tens of hours 
only takes about 5 to 10 minutes according to the pres 
ent immunoassay. 
The above-described microcapsules may be obtained 

as follows: 
First, the antibody (or antigen) specific to the antigen 

(or antibody) to be quantified is provided. Such an anti 
body (or antigen) can be obtained by a conventional 
well-known method. Further, various kinds of antibod 
ies and antigens are commercially available, and the 
commercially available antibodies and antigens can 
conveniently used in the present invention. 

Next, the antibody (or antigen) specific to the antigen 
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(or antibody) to be quantified is bound to the surfaces of 45 
the microcapsules. Binding the antibody (or antigen) to 
the surfaces of the microcapsules is also well-known. 
For example, mixing a red blood cell suspension with 
the antibody in the presence of tannic acid, chromium 
chloride or a water-soluble carbodiimide permits the 
antibody to be bound to the surfaces of the red blood 
cells. 
When the microcapsules employed are RBC, the 

microcapsules to be used in the present immunoassay 
can thus be prepared since RBC inherently contain 
hemoglobin which is an optically determinable sub 
stance. However, where another optically determinable 
substance is preferred to be encapsulated in the RBC, 
the content in RBC such as hemoglobin can be dis 
placed with the another optically determinable sub 
stance by a well-known method. This method is based 
on the phenomenon that RBC can be re-formed after 
osmotic lysis under the proper conditions of osmolarity, 
temperature and pH, to trap any solutes present at the 
time of re-forming. The detailed procedure is described, 
for example, by Paul D'Orazlo et al., “Ion Electrode 
Measurements of Complement and Antibody Levels 
Using Marker-Loaded Sheep Red Blood Cell Ghosts", 
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4. 
Analytical Chemistry, Vol 49, No. 13, which is hereby 
incorporated by reference. How to encapsulate a sub 
stance in liposomes is also well-known in the art and the 
description thereof will be omitted. 
The first step of the immunoassay according to the 

present invention is to mix the above-described micro 
capsules, a test sample containing the antigen (or anti 
body) to be quantified, and complement. The test sam 
ple may be, for example, blood, urine, lymph, coelomic 
fluid, or pancreatic juice. Serum from an animal can be 
used as it is as the complement, and guinea pig serum is 
preferred since the complement activity is high. The 
mixture is then incubated to allow the reaction among 
the three reagents. Incubation temperature may be, for 
example, 37 C., and incubation time may be, for exam 
ple, as short as 5 to 10 minutes. 
An antigen-antibody complex is formed between the 

antibody (or antigen) bound on the surfaces of the mi 
crocapsules and the antigen (or antibody) in the test 
sample. The antigen-antibody complex activates the 
complement in the mixture, and the microcapusles are 
then lysed by the complement activity to release the 
optically determinable substance contained in the mi 
crocapsules. The amount of the antigen-antibody com 
plex is proportional to the amount of the antigen (or 
antibody) contained in the test sample if a constant 
amount of microcapsules with a constant amount of 
antibody (or antigen) bound to the surfaces thereof are 
used. Therefore, in turn, the amount of the released 
optically determinable substance is proportional to the 
amount of the antigen (or antibody) in the test sample if 
the other conditions are set constant. Thus, the antigen 
(or antibody) in the test sample can be determined by 
quantifying the released optically determinable sub 
Stance. 
Next step is to quantify the optically determinable 

substance released from the lysed microcapsules. This 
can be done, of course, by an optical measurement since 
the substance is "optically determinable'. However, the 
reaction mixture is usually, or almost always has the 
intact microcapsules suspended within it, i.e., the micro 
capsules which were not lysed in the reaction. The 
intact microcapsules make the optical measurement 
very difficult since the light impinged on the reaction 
mixture, or the light from the reaction mixture is scat 
tered by them, so that the specific light signal caused by 
the released optically determinable substance is signifi 
cantly weakened. This problem can be solved by centri 
fuging the reaction mixture to precipitate the intact 
microcapsules and conducting an optical measurement 
for the supernatant. However, centrifugation is a trou 
blesome and time-consuming procedure. 
According to the immunoassay of the present inven 

tion, optical measurement is conducted for the reaction 
mixture still with suspended intact microcapsules, so 
that the centrifugation can be omitted. In the present 
immunoassay, the optical measurement is conducted at 
different wavelengths. For example, if the optically 
determinable substance is the hemoglobin inherently 
contained in RBC, and optical measurement is con 
ducted by determining the absorbance of the reaction 
mixture, the absorbance at 415 nm (A415) and at 500 nm. 
(A500) may be determined. It has been found by the 
present inventors that the difference of the absorbance 
at different wavelengths, for example, A415-A500 has a 
linear relationship with the ratio of hemolysis, as will be 
clearly demonstrated in the later described examples. 
Thus, from the difference of values obtained by optical 
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measurement, the antigen (or antibody) in the test sam 
ple can be quantified if a calibration curve is prepared. 
Such optical measurment at different wavelengths 

can be conducted with a usual spectrophotometer 
which is widely used. Further, the optical measurement 
at different wavelengths can be conveniently conducted 
with a spectrophotometer by which absorbance at dif 
ferent wavelengths is simultaneously measured and the 
difference between them is outputted. Such a spectro 
photometer is known in the art and is described, for 
example, by Hisayuki Sagusa et al., U.S. Pat. No. 
4,318,615, issued on Mar. 9, 1982, which is hereby incor 
porated by reference. 
How to prepare a calibration curve is well-known in 

the field of immunoassay. More specifically, in the pres 
ent immunoassay, a test sample containing a known 
concentration of antigen (or antibody) is subjected to 
the present immunoassay to obtain the difference of the 
values (such as absorbance) determined in the optical 
measurement at different wavelengths. Changing the 
concentration of the antigen (or antibody) in the sam 
ple, the procedure is repeated. A calibration curve is 
prepared by plotting the concentration of the antigen 
(or antibody) in the sample along the axis of abscissa and 
the difference of the values measured in the optical 
measurement along the axis of ordinate. The unknown 
concentration of the antigen (or antibody) in a test sam 
ple can be determined from the calibration curve thus 
obtained by conducting an immunoassay under the 
same conditions in which the calibration curve is made. 
Another method of preparing a calibration curve is 

available in the immunoassay of the present invention. 
This method is a kind of so called "rate assay'. More 
specifically, a sample containing a known concentration 
of antigen (or antibody) is subjected to the immunoas 
say of the present invention, and this time, the differ 
ence of the values at different wavelengths is continu 
ously or periodically recorded from the beginning of 
the reaction. Continuous recording can be accom 
plished by using a spectrophotometer with a flow chart 
recorder. Plotting the reaction time along the axis of 
abscissa and the difference of the values at different 
wavelengths along the axis of ordinate, a curve as 
shown in FIG. 3 is obtained (this figure will be later 
described in detail). As can be seen from FIG. 3, after 
about 2 minutes from the beginning of the reaction, the 
difference of the absorbance (i.e., A415-A500) linearly 
increase to reach a saturated level after about 4 minutes. 
The slope of the linearly increasing region (i.e., A41 
5-A500/min) is recorded. The procedure is repeated 
changing the concentration of the antigen (or antibody) 
in the sample. A calibration curve can be obtained by 
plotting the concentration of the antigen (or antibody) 
in the sample along the axis of abscissa and plotting the 
rate of change of the difference of the values at different 
wavelengths (e.g., A415-A500/min.). Unknown con 
centration of antigen (or antibody) in a sample can be 
quantified using the calibration curve. If the calibration 
curve is for such a rate assay, the immunoassay does not 
have to be conducted under the same conditions in 
which the calibration curve was prepared. This is be 
cause the rate assay is based on the "rate of change' of 
the difference of the values at different wavelengths, 
and not based on the "difference' itself. 
Above description is directed to the quantification of 

antigen or antibody in a test sample. However, comple 
ment in a test sample can be quantified by a similar 
method. 
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EXAMPLE 1. 

This example is to show that the difference between 
the absorbance measured at two different wavelengths 
has the linear relationship with the amount of the re 
leased optically determinable substance. Note that this 
example is not an "example' of the present invention 
since no reaction was conducted but mechanically de 
stroyed RBC were used. 

First of all, 0.1% by volume of sheep red blood cell 
(SRBC) suspension in Gelatin-Veronal buffer (GVB) 
was prepared. Half of the suspension was subjected to a 
freeze-defreeze cycle to hemolyze the SRBC (this sus 
pension is hereinafter referred to as "hemolyzed fluid'). 
A series of test tubes each containing an aliquot of the 
above suspension containing intact SRBC was pre 
pared. To each of the test tubes, a varying amount of the 
hemolyzed fluid was separately added to obtain a series 
of mixtures in which the proportion of the hemolyzed 
SRBC in the total SRBC (hereinafter referred to as 
hemolysis rate) was 30%, 50%, 60%, and 75%, respec 
tively. The absorbance was measured for the intact 
SRBC suspension, mixtures having the hemolysis rate 
of 30%, 50%, 60% and 75%, and the hemolyzed fluid 
while continuously changing the wavelength of the 
light impinging on the sample. The results are shown in 
FIG. 1. In FIG. 1, curves A, B, C, D, E and F respec 
tively show the absorbance-wavelength relations for. 
these mixtures in the order mentioned. Curve G shows 
the base line of the measurement. From FIG. 1, the 
difference between the absorbance at 415 nm (A415) 
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which is the peak absorbance of hemoglobin and the 
absorbance at 500 nm (A500) at which hemoglobin has 
no absorbance was measured and is plotted with respect 
to the hemolysis rate, which is shown in FIG. 2. As can 
be seen from FIG. 2, A415-A500 has a linear relation 
ship with the hemolysis rate. This indicates that the 
present invention can work. 

EXAMPLE 2 

Sheep red blood cells coated with anti-SRBC anti 
bodies (commercially available from Denka Seiken Co. 
Ltd., Tokyo, Japan) were washed with GVB and were 
suspended in GVB to obtain a sensitized SRBC prepara 
tion containing 5X108 cells/ml. Guinea pig serum was 
diluted 81 times with GVB to obtain a standard comple 
ment fluid. The sensitized SRBC preparation and the 
standard complement fluid was mixed at various ratios 
shown in the Table below. The mixtures were incu 
bated at 37° C. to lyse the SRBC. 

TABLE 
SAMPLE NO. No. 1 No. 2 No. 3 No. 4 No. 5 No. 6 

Standard O 0.5 1 1.5 2 2.6 
Complement 
Fluid 
GVB 2.6 2.1 1.6 1.1 0.6 0 
Sensitized 0.4 0.4 0.4 0.4 0.4 0.4 
SRBC Prepa 
ration 

Next, A415-A500 was periodically determined for 
the reaction mixtures from the beginning of the reac 
tion. As a representative, the result for the sample No. 6 
is shown in FIG. 3. As can be seen from FIG. 3, after 
about 2 minutes time lag, A415-A500 linearly increased 
with time and reached a saturated level after about 4 
minutes from the beginning of the reaction. The slope of 
the linearly increasing region, that is, rate of change of 
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A415-A500 (A415-A500/min.) is determined from the 
graph for every sample. The results are shown in FIG. 
4. In FIG. 4, sample No. is taken along the abscissa and 
the A415-A500/min. is taken along the ordinate. It can 
be seen from FIG. 4, that A415-A500 varies depending 
on the concentration of the complement in the sample. 
This also indicates that the present invention can work. 

EXAMPLE 3 
Anti-human a-FP goat antibody was prepared by a 

conventional manner. Sheep blood was centrifuged and 
SRBC were collected. The SRBC were washed with 
physiological saline by centrifugation. One part by vol 
ume of a solution of the above antibody in physiological 
saline (protein content of 1 mg/ml) was added to one 
part by volume of SRBC precipitation, and 10 parts by 
volume of an aqueous solution of chromium chloride 
(67 g/ml) was added to the mixture. The resultant 
mixture was left to stand at room temperature for 1 
hour. The thus obtained SRBC on whose surfaces anti 
human a-FP antibody was bound was washed with 
physiological saline and then was suspended in physio 
logical saline to attain the concentration of 8% by vol 
ume. Then 50 pull of the thus obtained SRBC was placed 
in a cell for measuring absorbance of which light pass 
length is 70 mm, and a human serum containing known 
amount of human o-FP was added to the cell. Thereaf. 
ter, 1.9 ml of GVB and 1.0 ml of 50-times diluted guinea 
pig serum were added to the cell and mixed. By the 
same method described in Example 2, the rate of change 
of A415-A500 was measured. The relationship between 
the concentration of a-FP in the human serum and 
A415-A500/min. is shown in F.G. 5. It can be seen 
from FIG. 5, that the rate of change of A415-A500 
varies depending on the concentration of the a-FP in 
the sample. Thus, using FIG. 5 as a calibration curve, 
unknown concentration of a-FP in a test sample can be 
determined. 
What is claimed is: 
1. An immunoassay method for quantitatively deter 

mining the amount of antigen or antibody in a sample 
comprising the steps of: 
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8 
(a) mixing (1) a sample containing antigen or antibody 

to be quantitatively determined with (2) microcap 
sules containing an optically determinable sub 
stance, said microcapsules having surfaces on 
which are bound an antibody or an antigen specific 
to said antigen or antibody to be quantified and (3) 
a complement which is capable of lysing said mi 
crocapsules to form a reaction mixture in which 
occurs an immune reaction between said antibody 
or antigen on said surfaces of said microcapsules 
and said antigen or antibody in said sample, said 
immune reaction causing said complement to lyse 
said microcapsules thereby releasing said optically 
determinable substance from said microcapsules 
into said reaction mixture; 

(b) detecting the absorbance of said reaction mixture 
during said immune reaction by optical measure 
ments simultaneously at two different wavelengths; 
and 

(c) quantifying the amount of said antigen or antibody 
in said sample by calculating the differences of said 
absorbances at said different wavelengths. 

2. The immunoassay of claim 1, wherein the micro 
capsules are red blood cells or liposomes. 

3. The immunoassay of claim 1, wherein the micro 
capsules are red blood cells and the optically determin 
able substance is the hemoglobin inherently, contained 
in the red blood cells. 

4. The immunoassay of claim 1, wherein the optically 
determined substance is an enzyme or a substrate, and 
after being released from the microcapsules, the enzyme 
or the substrate is reacted with a corresponding sub 
strate or enzyme to produce a product which can be 
directly optically determined. 

5. The immunoassay of claim 1, wherein the optical 
measurement is conducted by determining the rate of 
change of the difference of the absorbances determined 
at two different wavelengths. 

6. The process of claim 1, wherein said different 
wavelengths comprise one wavelength at which said 
optically determinable substance is absorbed and an 
other wavelength at which said optically determinable 
substance is not absorbed. 
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